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Abstract : A phosphate glass indigenously manufactured at the Central Glass and 
Ceramics Research Institute, Calcutta—a CSIR national laboratory, has been developed as a 
heavy ion defector. Its physical and chemical etching properties have been measured and studied. 
Using 70% HNO3 at 70°C as etchant, it was seen that this phosphate glass was capable of 
detecting 252Cf spontaneously fissioning fragments and also 200 MeV ,09Ag15+ 10ns 
accelerated 111 NSC Pelletron. The detection properties of this phosphate glass have been studied 
and the results are discussed.
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M o t i v a t e d  b y  t h e  r e m a r k a b l e  p r o p e r t i e s  o f  t h e  p h o s p h a t e  g l a s s  a s  a  d e t e c t o r  o f  l i g h t / h c a v y  
io n s  a n d  a l s o  d u e  t o  i t s  i n c r e a s e d  s e n s i t i v i t y  c o m p a r a b l e  t o  t h a t  o f  p o l y m e r s  a n d  t h e  f a c t  
t h a t  t h e s e  d e t e c t o r s  f i n d  w i d e  a p p l i c a t i o n s  i n  t h e  d e t e c t i o n  o f  f i s s i o n  f r a g m e n t s  u n d e r  
e x t r e m e  a d v e r s e  e x p e r i m e n t a l  c o n d i t i o n s  a n d  r a d i a t i o n  b a c k g r o u n d  w e  p r o p o s e d  t o  d e v e l o p  
( u n d e r  a  C S I R  p r o j e c t )  o u r  o w n  p h o s p h a t e  g l a s s  d e t e c t o r  o f  i n d i g e n o u s  o r i g i n .  I t  w a s  
p r o p o s e d  t o  b e  u s e d  i n  f u s i o n - f i s s i o n  r e a c t i o n  s t u d ie s  i n d u c e d  b y  h e a v y  i o n s  i n  t h e  p e l l e t r o n  
e n e r g y  r a n g e .  P h o s p h a t e  g l a s s e s  h a v e  t h e  l o w e s t  b o n d  s t r e n g t h  a m o n g s t  o x i d e  g la s s e s  a n d  
c o n s e q u e n t l y  a r e  m o s t  s e n s i t i v e  t o  i o n i s i n g  p a r t i c l e s .  T h e  e t c h  r a t i o  (i.e. t h e  r a t i o  o f  t r a c k  
e t c h  r a t e  a n d  t h e  b u l k  e t c h  r a t e )  a n d  t h e  r e s p o n s e  ( i . e .  t h e  r a t i o  o f  d i f f e r e n c e  b e t w e e n  t h e  
t r a c k  e t c h  r a t e  a n d  t h e  b u l k  e t c h  r a t e  t o  t h e  b u l k  e t c h  r a t e )  a r e  h i g h e s t  f o r  t h e  p h o s p h a t e  
g la s s e s  a n d  h a v e  a  v e r y  r a p i d l y  i n c r e a s i n g  t r e n d  w i t h  e n e r g y  l o s s  ( r a t h e r  s t o p p i n g  p o w e r ) ,  
r e s t r i c t e d  e n e r g y  l o s s  a n d  p r i m a r y  i o n i s a t i o n  o f  c h a r g e d  p a r t i c l e s  [ 1] .
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O f  t h e  s e v e r a l  p h o s p h a t e  g l a s s e s  t h a t  w e r e  a v a i l a b l e ,  w e  c h o s e  t h e  o n e  d e s i g n a t e d  
w i t h  t h e  c o d e  n a m e  P G ( N d )  b y  u s .  T h i s  p h o s p h a t e  g l a s s  w a s  d e v e l o p e d  b y  t h e  C e n t r a l  
G l a s s  a n d  C e r a m i c  R e s e a r c h  I n s t i t u t e — a  C S I R  n a t i o n a l  l a b o r a t o r y .  T h e  c h e m i c a l  
c o m p o s i t i o n  o f  t h i s  p h o s p h a t e  g l a s s  a l o n g  w i t h  s o m e  o f  t h e  p h y s i c a l  p r o p e r t i e s ,  a r e  l i s t e d  m  
T a b l e  1 .
Table 1. The chemical composition of our indigenous phosphate glass PG(Nd) and some of ns 
physical properties along with those of some phosphate glasses in common use are listed from 
literature.
SI.
No.
Chemical composition 
and some physical 
properties (Major oxides)
PG(Nd) VG-13 BP-1 ZnP PSK-50
or
LG-760 (6)
1 P2C* 65% wt 65.4% wt 65% wt 78.6% wt
2 BaO 19% wt 23% wt 25% wt —
3 k2o 5% wt — — —
>-
4 SrO 6% wt — — — oc
0
5 b2°3 3% wt — — 4.5% wt H
0*
6 A120 3 1 5% wt — — 6 7% wt a.
O
7 Nd2()3 3.5% wt — — — QC0-
8 Na20 — 3.8% wt 5% wt — z.
0
9 Si02 — — 5% wt 1% wt i-
10 ZnO - 4 6% wt — 9 2% wt ir,O a,
11 Na2U2C>7 3.2% wt 2
C
12 Refractive index 1 5302 1 553 1.543 — U
13 Density (g/cm )^ 2 86 3 06 - 2 69
14 Softenmg/transformation 
temperature (°C)
485 460 — —
15 Response s ~ Vj/V# - 1 - 5 5 -  6 -7 -  1 -  1 14
(typical) (for 200 MeV 
,0<,Ag ions) 
dEldx ~ 46 
MeV-cm2/mg
(for 223 GeV 
LJ 10ns)
(for low 
energy Mg 
ions near 
Bragg peak)
(for 223 
GeV U 
ions)
to 1 04 
(for 223 
GeV U 
ions)
T h e  c h e m i c a l  b u l k  e t c h  r a t e s  w i t h  7 0 %  c o n e .  H N O 3 ( E  M e r c k )  a s  t h e  e t c h a n t  a lo n g  
w i t h  t h e  d e t e c t i o n  p r o p e r t i e s  o f  2 5 2 C f  f i s s i o n  f r a g m e n t s  a r e  s h o w n  i n  F i g u r e  1 . T h e  
a c t i v a t i o n  e n e r g y  i s  s e e n  t o  b e  0 . 2 4  e V .
T h e  n a t u r e  o f  t h e  y i e l d  d i s t r i b u t i o n  c u r v e  f o r  25 2C f  f i s s i o n  f r a g m e n t s  i s  s i m i l a r  t o  th a t 
i n  l i t e r a t u r e  [ 2 ] .  T h e  c i r c u l a r  n a t u r e  o f  t h e  t r a c k  d i a m e t e r s  r e v e a l  t h e  d e g r e e  o f  u n i f o r m i t y  of 
t h e  b u l k  p r o p e r t i e s  o f  t h e  d e t e c t o r  m a t e r i a l .  T h e  e t c h  r a t i o ,  i.e. t h e  r a t i o  o f  t r a c k  e t c h  ra te  to 
b u l k  e t c h  r a t e  a p p r o x i m a t e l y  c o m e s  o u t  t o  b e  -  3 . 5  f o r  t h e  f i s s i o n  f r a g m e n t s .
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Figure 1. (a) Chemical bulk etch rates of PG(Nd) phosphate glass m 10% UNO-, at different 
constant temperatures of 27°C\ 40°C\ 5()°C, 60°C and 70°C, (b) scmilog plot of bulk etch rate 
Vr against inverse of etching temperature in absolute scale (T°K)_I and (c) histogram of the 
etched fission fragment ( ^ C f )  track diameters
Exposure to 200 M eV 10tJAgIS+ ions :
T h e  p h o s p h a t e  g l a s s  P G ( N d )  d e t e c t o r  w a s  a l s o  e x p o s e d  t o  t h e  2 0 0  M e V  , 09A g ,V f  b e a m  o l  
th e  1 5  U D  P e l l e t r o n  o f  N u c l e a r  S c i e n c e  C e n t r e ,  N e w  D e l h i .  W i t h  7 0 %  H N 0 3 a t  7 0  ±  0 . 5 ° C  
as t h e  e t c h a n t  s u c c e s s i v e  e t c h i n g  t e c h n i q u e  w a s  e m p l o y e d  t o  f i n d  o u t  t h e  e t c h  r a t i o  v a n d  
th e  r e s p o n s e  s a s  a  f u n c t i o n  o f  t h e  r e s i d u a l  r a n g e  f t res.
For normal incidence, the etch ratio is given by f 1,3]
u>= VT/VB = {l + (D/2h)2} / {l -  (D/2h)2}
and s = v - 1  = (VT/VB) - 1 ,
where v =etch ratio, s = response, D  = surface diameter of the etch pit, h = Vst = surface 
layer of the detector removed by etching; VB = bulk etch rate, VT = track etch rate and 
* = etch time.
Residual range /?ra = R -  (h/2) (t/(v+  1)),
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where R is the range of the incident ion in the detector material. From the range-energy 
programmes of Henke and Benton (in ref. [1]), the residual energy corresponding to the 
residual range, the energy loss and restricted energy loss values are obtained. The results 
are shown in Figure 2. The curve exhibits an increasing trend of response with residual 
range since the energy of the incident 109Ag15+ is below its Bragg peak energy value. The 
steep response implies a good charge resolution of the detector.
In conclusion, we may say that the detector that we have developed [4] indigenously 
has a very good response s = 5.5 for 109Ag15+ 200 MeV ions and we intend to use this 
detector in heavy ion induced reaction studies and fission or fusion experiments which are 
in an energy domain which is less than that at the Bragg peak.
1 o*
n  S topping power of phosphate g lass  PG(Nd)
5 to ,09Ag ions in the energy region
Figure 2. (a) Semilog plot of response s vs residual range. The solid line 
gives the best polynomial fit; (b) stopping power dEldx vs E l A energy per 
nucleon for109 Ag ions in our phosphate glass PG(Nd) within the energy 
range 0.1 £ E l A  £ 20 MeV/nucl.
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